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(54) GALUUM NITRIDE SYSTEM COMPOUND SEMICONDUCTOR UGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a low threshold 
current, a low operation voltage and the excellent 
reliability without deterioration, by a method wherein a 
high concentration p^ype gallium nitride system 
compound semiconductor structure by which a low 
resistance p-type side electrode can be formed easily 
and carries can be implanted uniformly into an active 
layer with high efficiency is provided. 
SOLUTION: A positive hole conduction type 
semiconductor layer has an Mg^doped p-type electrode 
contact layer 9 and at least a Gax2Iny2Alz2N smoothing 
layer (wherein x2+y2+z2=1. 0<x2, z2<1 and 0<y2<1) is 
formed on an active layer (6) side of the 1 p-type 
electrode contact layer 9. A Pt layer 1 0, a TiN layer 1 1 a 
and a Ti layer 1 1 are built up on the surface of the p- 
type electrode contact layer 9 in this order. Further, an 
alloy layer 15 made of Pt- semiconductor is formed 
between the p^ype electrode contact layer 9 and the 
Pt layer 10. 
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im^mi] mitif') ^m^t-t^^mi^ (g axi i 

nyi A IziN : Xl+y1+z1= 1 . 0^x1, yl, zlSl) 

{CJi^'^< t ^)G ax2 I nyzA 1 z2N (x2+y2+z2= 
1, 0^x2. z2^K 0<y2^1) ^rtftS A*3I^^ $ 
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[0 0 0 4] ^<Dtzil>. ifi^, G a N, I n G a G 
aAlN, InGaAl N^<OSft**'>» ^ ^^At'k^^ 

[0 0 0 5] ^xlf. G aNm*t«^^ffl<'>:^c#»'^*:^- 
^f•Cli, 2feft3 8 0-417 n m<7)Mia''«-'W^^«36*?t 

*3(t^ L#v^Mmi±(i. 1 0~4OVi:Sv^'(lT-*-5. 

[0 0 0 6] >itLi±, mitif') ^^^it^^^mwm<^ 
m^mmm \^^-ztt. m^mm^± ^^^ztizmm 

fk *• A^ft-^!^*^*^® «r?FMT- s v> c 1 1 . p 

ri 0 v;:]LT^Ti!&^^||JE?:€:^gtL^:^t^^(^alfiS:•C§^i 
[0 0 0 7] ttz. fffelgt-'^-^^^i/t^itA-r-i. 
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iSS V b # ■^7 A W - Hf Sr § -^i- ^ 
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[flW**«*LJ:d t-r-SltS] J':i±<^J:9»-Mffc*''J 

* ^ i: T^^-ffllSr** 19 . t p HIIE® :3 >• h 1gtn;**iS 
40 \'^tzit\,z^ mM^> ^ YXiz^f^tSSMT^^Z. $ 

-So 

[ 0 0 1 0 1 G a N#.fl5fe^^-eii p ffllHM=i > ^ ^' h 
[0 0 11] ^±±fB^^t^#ItLr^^?Hfc to 

50 x\ i&t&^pmm^'t^^i'-M^X'^^ fgfiS'^ 



-2- 



3 

mj/t. &mi'^m&x\ '^itimz^i-\ ^itfzmm^ti: 

10 0 12] 

l±. S<fc#U l^^.it^^^mi^ (G axi I nyl A I »i 
N : x1+yl+z1= 1 , 0^x1, y1, zl^l) H^h^*). 

U:^>}'^ hSi *) '{>^se?i&'tt®fflU-(±G ax2 I nyaA 
Ij2N (x2+y2+z2= 1 , 0 Sx2, z2S 1 , 0<y2S 

1 ) w-ifitmmm ^ tt, j.oHjtB pmsa>^i^h^ 
o^ffiujip tig, T i Nest>'T im<omm<o9mm 

loo 1 3] ttz. nim.2 kzM^^-t h§km\t. mim. 

[0 0 14] $(bir. if*S3 (c^tCD^^I&^ii. it* 
T i NStffilfiP t)gi:0|^M<i, WffipmS^ > ^5' 

b^i: 19 i>)km'Stm^-m<^£-:>x^^hmtif')'^^m\: 
[0 0 15] ttz. m^^A^.z^m-n.^mt^ 

L. frlST i NgttJfSP t^tO^BJi, frlEp^ffi 

[0 0 16] m^m5izM!Z^-ri,%mit. ss* 
ig2op tetBSriEAuStcoi^ffiji, MiepSS37> 

[0 0 17] iij, ^ixhn^i73mkim5\,zMfi& 
•r-5i&?B«±, j^nTo (1) - (5) i^'^kzmtz-rkzvt 

(1) p^S^>5'^' hSOMg?^SD«<i«BiS^-Cie5 

(2) pi:ffi3>5'^ hg(ia«0||^r-&2«liJ':i±<0 
Sft** 'J A,^ft'&t»#*#:75^ 'fc -1. o 

(3) G a I nA I N^rt-fWtiStt® ^#-Sfl:?-#^ 
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(4) pmS='>:S'^' ^^cOTgB(-nM«S§**~#«■r 
-£>J*^l±, pmmmMtnmm'^m<r>mz{t{}^^rj:i ti, 

\m<r>G a I n A 1 N^jflCS^lf A LT^-&o ^M-f 
-Bt, G a I n A 1 N^it-ffcSJ: ») i±iBi-P^S3 > 

jo. Ga I nA 1 N^rf-ft^ t p^S='>5'^' h^tO 

70 (5) pmffi^>5'^' F^!:«-t-l.^®«jSl±, K)»l 
0 nmJiiTOSv^P t S<0±g|5t-, Ti/Pt/Au*^' 

(f^ffl) tJ^or, »*«iRi/»*S2i;*tit.i-^.l&iB 

i.i^X±.<r)Xnii:^^^mM.fz:^t\,zi.V) ^ 'pfiib^l 
nTtm^^tsG a I n A 1 N^rf-ftSOilCM g?35inM 

itiT') ^ i^^h^mwm ifm ? «b p t sr>'T i m 

^< r i'-t-7'^'iSjKco;i;v»pM#*#)i75^#'b*t. fio 
«S^JS-e*4»v^P tg*^-p2!¥^«^t-fit;0^{-tetfc 

^Sf*0:^^||||ic J: ^aW^fblS^jlxISfeJSt LTil 
§ M g (OjSISfb^ |n]± $ -tHJ^fl*)^ r -t 7':?' iftS ^ 

tT-±gf<7)mM^^T-*i.SS 2 <0P t^SCFAu^OT 
±i:m^Zti!)^X'^:ho :i(Ofzif>. ffi:«SLp1ffl^«5r# 

50 aAT-i^^i^^-v riSftcopMS-fk:*''; f A^fb-^ti 

[0 0 18] tTt:. lf*«3:)jy'"IS*:54 i;>rtJ£.1-^^ 

L, T i Nst p tetco#®{±. pWM='>i'i' vm 

4i«#:^4>co^*s.y*■K*J!>^ p t ^mmizLx^ 
Scu^*$tt^j§gr-T i N^i,zx±ii(>hitx^^^(D 
40 -e, si*« 1 izMj^'-r & im t m^<r>wm i:m-ri>^t 

[0 0 1 91 ^hiz. w*«5{i*tJEDl-^%§?i±s fria 

p^gnv^'^' he(i7K#«r'&^L, »2«^>PtetA 
3{>^ P t ?r©«»{CLT^^SC(C^*$*t-&i§gT-Auetc 

(Slia^^) ±i£L;t«*«l71fMW*«5(iit 
50 /£.1-2,^§gt;*+i--&Ma%?g{;ov^TlfeM1-^o COM 
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/N-^v'!7A (Pd) i/jfiP t tT i ^*>^ 1 

[0 0 2 0] mx.\f. 7^:^B^B«it^*1-'^ iii-v^fk 
-g^^f^^^ft^s o p M4^«^§ izmm ^ flfc^i- ^ 

(I. P d i/ciiP t <hT i 1 %ai±'^*^<i, pM 

:^Lm«5£*t^ 1 o-5n c ^isf T-fii^r-^ 

[0 0 2 1 ] ifz. pm^m^m^l ni^t^G a. 
Iny Alz N (O^x, y, z^l. 5^^-:^. x + y + 
z = l) #^S#t^i-^-<tT% Pdtf^iiP t tT i 

1 %a±^^'r^pm^mi^mt(7ymmts:t^^ i o 

-6ncm2 iTM&i^^«gT-*'2>o ifz. III 

- vMt^ig?4^*ff^a<7) p ffl4^«#«SMt^. P d i 

^^JiP t;5iMl 0 nmi^TcOlSHT*) ffM^tL. ^(btc 

T i:^'^ {5 0 nmVJ.T<r>mmx-) fm^fi. ^^btlpffi 

^Si::i3v^T. 3 0 0 t:til±<7)!ftfiL3lx^i(i J: ^ Vc^m 
ti*S^c05*v^P d S/j(iP t <!: T i -k^^ 1 %J':i±'i'* 

2 0 TiXii\XY(r>pm^^wm-hm^'^^x*tb 

ho 

[0 0 2 2] 

TlII®^#?SLTgi?g-r^o 

<7)Wfe#«#:v--^f{i. MOC VDftdJ: ^f:7r^ 
r^«l±tl. G aN/^y >'r)l2. n-GaNn>^ 
^ hg3 (S i K-T'. 5X 1 0^8 4 m) . 

n-A lo.2 Gao.8 N^-^y KH (Si K-7'> 5X 
lO^'cm-^ 0. 3//m) 4. G a N^LiSS (T>K 
-7^. 0. l/iin) 5. ffi14il6. p-GaN*?Sil 
(MgK-y. 0. l//m) 7. p-Alo.2 Gao.8 
-^^yvVm (MgK-y. 5X10'7cm-3, 0. 3 
/im) 8. p-GaNn>^^h^ (MgK->^\ IX 

[0 0 2 3] ClO^eSigOpSG aN3>:5^>)^ hB9 
±tlii. 1 0 nml¥<7)P t@ 1 0. -BT 

iNJllla. 3 0 nmipOT i @ 1 1 . 1 0 n rn/PO 
P tSl 2. St/^l fxmW<r>K\x%W^y Kl 3;5^l!l^ 

[0 0 2 4] i/j. roAuSM^^'^;' Kl 33Z.(ipSG 
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^*^tt. ^tLlci: *)gaiS:K/cG aN3>:$'^ hS'S 
±Cl(inffl^@l 4 7^^^tM^tL'l>o 

[0 0 2 5] ^ib\ rS1±g6(i. 1 OgOI no. 2 G a 
0.8 NST-*^ (T>K-r. 2. 5nm) 
tf I no.05 G ao.ssNgEMS (T> K-7\ 5nm);i* 

[0 0 2 6]^^U. COJ:9^»fe4^««:U--^f<7)Siit 

« 1 ±OG aN/N*y7T§2;6^fbp-GaN=7>^^ f 

^ 9 i -e<7)^jl(i, 1 |D|<7)M0C VDfttii: *)ff^fiS:^tL 

[0 0 2 7] CcOWfe###V— TT-li. I n S- 

•i-trG a I n A I N^rt-fbSt. I n G a Nl:^#^rS 
14)16 i: LTffli/^ -f-<0±g|5(lMg?SjtlD(7)M'f[:*''J 't'^ 
8, 1 9 ^fMLT^^-SfciiX;, 

^PS?-G a I n A I N^ftft^;<»»WftlJ-t -1) <7)T% pffl)^ 
gffl-eti. ¥rtipM*««:Sl 8, 1 9^#^Ct;)^ 

(0 0 2 81 *f|??#?><7)*«J{Cj:-St, G a I 

n A I N^rtft^fcLT-'fc, p - G a N n > 9 

APjtLSo -t-^*?*>, G a I nA I N^ffl-fte^r^tt^ 

CttCtDx., p-G aN3>^'i? hg9CO)?$?-0. 6 
/t/mJ'JLit-f ttiJ: 1). «illlCpM*»^®<75iS5p°p 

10 0 2 9] ^ICp-GaNn^i'i? he9 0*®{Cipi 
50 1 0 /u m<7?^^tZP t (5nm)/Ti (3 0nm)/ 
Pt (10nm)/'Au {\ fx xa) tPm>kWM%i\-^ o 
^11, 3 5 0*Ca3!l#HMr-a!i^i!ia^ife-ri:, Ptl±« 
;^T-liaa)¥^*^ Z'^cnm^t X'T-^W^ L p - G a N 
n > be 9 tfcOG a i: H^iSKc- LT P t -#-ii#:<7) 
1 5im^L. raB#{I, Tilip-GaNr^V:? 
^' be9:i-e>±:^J£t5:i-*NtH«Rl£;L, 
IS-^LTT i 1 1 a ?:P t d t CO^SI;®)*;-^ ^ 
ClcogiMSt::! pM K-^N*> hr'*-E>Mgcor ^ 

J?l 0 0%t->fc-S.«li:**^:6»ofw (^ii, ±f£7K*7C 
[00301 ^hliZ^ TiNJSllatPtJSlOtO 

50 mRimm^K p t immi~Lx9\-m~m^^*i^Mm. 
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T-T i 1 1 a \ZX±is^htL^o 

[0 0 3 1 ] itz. ±m(op tm I 2 tAum 1 3 t(o 

[0 0 3 21 nUmS 1 4ffMO/ji6UpiimS 

aNn>^ hgS {IT i /A u I) nH^Sl 4-^^ 
ff^^LT^>i:v^e S^fbtl-»f:7T'f lis O^^mi 

[0 0 3 3] CcoWfei|i^f^l/--tf(i. L^i/^Hm^ES 
OmA-e^SjS^HlgL/wo %ffi?feft(i4 2 0 nm. ffii 
f^mSfi? Vr-*)»5. ^ibCSOr. SOmWIEKKli^ 
lt'5>^^'#^(i: 5 0 0 OB#rBTT^*o/:;o 

Pt^l0^p-GaN=7>^^h^9i: 

-^^^'JTWil^tm^f^^. p-A 1 GaNi>^ 7 KSS 

[0 0 3 4] ^hiz^ mi (r>mm(ofmAz^^^ p - g a 

N=r>^^ 9<7)Mg?3?.Snl^:*M^^^ 0. 2 ;u mCO 
tEH-e 2 ^>S> 0 . 8 mO^HT' 1 / 2 fgtl L/si 

2gFgrK~ytzL^^»fe#«f^U'-^'T'(i. ^^frrfRptt 

^f'-e(i. 1 (onmmmj: i^zt:^'^ 

6. 5VX*$>^fZo pMn>^^ hBS:2SFgK-m 

if. 'Ptg: <ti^l n^^tsG a I n A 1 NTrtf[:il<0± 

^ho 40 
[0 0 3 6] tfz. p-G aNrr>^^ hS90±UP 
tmi O^m^'^^^tKX.n. P t§;6-^p -G a Nn 

Ym9^zmHz^WLir^:Ltxm.%mj^mM.mfA 

7tm(omitmmt\^xm^. -tt^b^^M^^Tc^^pM 
^mi^mi)^h^^i:'th^n\zim'r^(Dx. Mgoisi* 

* f6]± $ -tirm^ft W 5r T i> -t r ^ iftjg $ -li:^ 

[0037] ^^btCPtSl 0±tCT i® 1 1 SrJK^-r 50 
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mtK^z^x^u^x'S^^^i: i N^B^i-^c hT-±gisco 

IIS#S'eab'^^2 0P tm 1 2Sl^AuS 1 3 0T:^ 
[0 0 38] ::tLfbGaInAl NTftffcS. P t S 1 

s^m(D^±.^mhztt^xbho fiEoT. m&iXpmm. 
it^^^mim^'k^'^x^. ffiffi=i>^^ brooms 

PfTtWJLT. SL^v^HSit. St&f^ffiET\ ^it 

[0 0 3 9] -r^^bit,, z^mmmmr^^^^^m^i^- 

JSirL<^fg;M*[2I'i>^><7)t:^ab*). ^^^KlUlilU 2 ti^l" J: 
^U. p-G aNS9 t P t^^Sl 0 .hOHH. p-I 
no.t G ^0.9 ^ Vm2 \i)mX^ftfzm^t 

[0 0 4 0] ^C:-C% p-Ino.i Gao.9 N =i > ^ 
hS2 1 (i. Mg K-y. 1 X 1 0i9cm-3. 1¥^0. 

(i. p-I no. 1 Gao.9 N > ^ 2 1 ^B^-f 

[0 0 4 1] J^J.±OJ:^^Wfe*«ft:i-— »fJi. Li^v^ 
ttmituV SmA-e^sm^l&lgtT^Co *tgr*Rti4 2 0 

nm. lSf^m/±(i6 VT-*)0. ^fbtlSOt:. 3 0 mW 
Kl!ltli5tt'5>§g^-^^^{i5 0 0 OnmXh<:>fZo *t-- 
-^fO^g^^. P t« 1 0 tftte-f^ p- I no.i Gao.9 

N=7> ^ ^ 2 1 :6^^p - G a N@ 9 i: t)>'<> K^'^ y 

^^7 X 1 0-6a c m2 hfS:i^-e^7t:(^;^f->9 7ii\ p-In 
0.1 Gao.9 l^^y ^ 9 Vm2 \(DMzt^'&it^^H^\>^ 
1 0 0%^X^'ititXbfzfzisbK'm^^')TWt&'f)mh 
ft. p-A 1 G aNi5^^ y K«8 4:^LrrSttS6lci&; 

[0 0 4 2] _t^L/::J:9t^^2 0^MOff^.^JiJ:tt 
i^. p-G aN® 9 t P t SSI 0 tcoPfltC. p-Ga 
NS9 J: J) K^^^-^ -y-^^O^v^p- I no.i Ga 

0.9 Nn>^^h^2 1 i)mX^ftfz(DX. »1 OHJfi 
0?B.^,0?**tl*Dx.. p11i)aS^cO::?>i5'^ hSfet^:- 
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[0 0 4 3] *^M<OBj^JC>S-?>#S#:V- 

-Alo.2 Gao.8 N^^ y 8±US$^B^UB^^ 
tL/c^&On-G aNmitrn y :J^g3 1 (1X1018 

0. 5 m) CtL^bp— Alo.2 Gao.8 
N^^^y Kil8±S:^/^n-GaNmi/t-7'n yi^g3 1 JO 
±\iZm&^fttzO, lyum/lOIno.i Gao.9 N^ft 

[0 0 4 41 Ino.i Gao.9 N^rf^bS 3 2 Ji 

Ufi. ttj^El^^tl. p-G aNn>^^ b^9 7^^^ffM^ 

jiti J: o TM O C V DftUJ: ^ ^SH^Sc^^^ 3 0 ^ J& o T 

^ o 

lO 0 4 51 J2i.±OJ:9^+*#:U--f*(i. L§v^>(i« 
ffi 7 0 m AT-^ia^^g*® L/io 4 2 0 n 20 

m. UrftmiEiie. 5VT**)i9^ ^tbilSOr. 30in 

-¥<7)^^> »10||M0ff^BUi£-<7t:?*:fti:tD;i> ^ 

[0 0 4 61 ±^Lyt:i:9t3^3(7>||JSOf^]ffit^J:ti 

^ hStn:^fg:M^'tt--2>C<h;6^^-e^>I>o 4 7^^. Ino.i G 30 
ao.9 N^rtfbS3 2 01-C±iip-G aN3>5^^ h 

m9i:mmLtzm^tLxiy. mmmm:^. ino.i g 

ao.9 N¥rt<t^3 2;^^^«g:^^7^^^CPSoeje«:|fflihi- 

[0 0 4 7] IIl4(ivlc7)»fe**ft^l^--ro»EB&«^«: 

X(0^^^^o 40 
(0 0 4 81 i-^r;b^. **ifeOff^«8(l«;2>Wfe#»* 
b'-^ffi. ^10||i£<7>f^jg,<!:li*^»9. aii<;^Mom 
ffi«^«iS=&*-r^^>OT-**5. 3ir^*:filJtCtill4lC^-r 
<fc^lC. G aN^^S® 575SP-A lo.2 Gao.8 

L/ciiO) . Z(D;^^%m.<r)mmiiZT> Y-V'A\o.y 
Gao.9 N-ro 7:5^5 4 1 ;6^fM$tt, CltL^bA 
lo.i Gao.9 Nrn y ^54 IS.^/'p-A lo.2 Ga 
0.8 "7 y Ym^(OmmA \ , Siip-GaN^V^ 
Ym9 t<Dm\Zl nGaA 1 N^rtft® 4 2^^«^ 50 
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[0 0 5 Ol m±OJ: 0 ^Wfe^*#^-^f(i. L^v^ 
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*^i--?>^OT*»9. *#:6^lC(i|Il5iC^f G 
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OS^as^^^I nG a A I Nq^rtf[:^4 2 ^^L> T>K 
-■7'Alo.i G ao.9 Ny^^n y iJ^il 5 1 Ui: 
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